A Gram-positive, yellow-pigmented, actinobacterial strain, DW152 T , was isolated from a dairy industry effluent treatment plant. 16S rRNA gene sequence analysis indicated that strain DW152 T exhibited low similarity with many species with validly published names belonging to the genera Micrococcus and Arthrobacter. However, phenotypic properties including chemotaxonomic markers affiliated strain DW152
, but the mean value of DNA-DNA relatedness between these strains was only 42.3 %. Moreover, strain DW152
T differed in biochemical and chemotaxonomic characteristics from M. terreus and other species of the genus Micrococcus. Based on the above differences, we conclude that strain DW152 T should be treated as a novel species of the genus Micrococcus, for which the name Micrococcus lactis sp. nov. is proposed. The type strain of Micrococcus lactis sp. nov. is DW152 T (5MTCC10523 T 5DSM 23694 T ).
The genus Micrococcus was first described by Cohn (1872) and was subsequently emended repeatedly (Stackebrandt et al., 1995; Wieser et al., 2002) . It comprises Gram-positive, non-spore-forming, aerobic, non-motile cocci. All species of the genus with validly published names were isolated from different environments, such as a wall painting, air, activated sludge (Wieser et al., 2002; Liu et al., 2007) , roots of plants (Chen et al., 2009; Zhao et al., 2009 ) and soil (Liu et al., 2000; Zhang et al., 2010) . The genus Micrococcus is phylogenetically closely related to other genera of the family Micrococcaceae and exhibits similarity in many properties, including chemotaxonomic markers (Stackebrandt et al., 1995) . In the present study we isolated a strain designated DW152 T from an industrial effluent plant of the dairy industry located at Hyderabad, India. The polyphasic characterization of this strain indicated that it represents a novel species of the genus Micrococcus.
Strain DW152
T was isolated from liquid samples obtained from a dairy waste treatment plant. Upon transfer of the samples to the laboratory, they were serially diluted and plated onto nutrient agar (Hi-Media). After incubation at 30 uC, a yellow-pigmented colony was isolated, subcultured and preserved at 270 u C for further studies. Morphological characteristics like cell shape and size were observed under a phase-contrast microscope (Axiophot; Zeiss). An active culture was assigned for Gram staining using the Hi-Media kit according to the instructions of the manufacturer. Physiological tests such as growth at different temperatures and pH were determined using nutrient broth (Hi-Media), measuring the growth as OD at 660 nm by using a spectrophotometer (Lambda 25, Perkin Elmer). To determine salt tolerance, nutrient agar without NaCl was supplemented with different concentrations of NaCl. Assimilation of different substrates by strain DW152
T was determined using the Biolog Microlog system (release 4.2) according to the manufacturer's instructions except that the strain was grown on tryptone soya agar (TSA; Hi-Media) medium instead of Biolog universal agar. Biochemical tests for catalase and oxidase were determined as described by Cowan & Steel (1965) . Hydrolysis of aesculin, indole, VogesProskauer and methyl red tests, H 2 S production and nitrate reduction were performed as described by Lanyi (1987) . Utilization of various carbon compounds and casein, gelatin, starch and Tween hydrolysis were determined as described by Smibert & Krieg (1994) . Further ability to produce acid from different sugars was checked on medium containing (g per Microscopic studies revealed that cells of strain DW152 T were Gram-positive and non-spore-forming cocci, present in pairs, and their appearance as diplococci indicated that cell division was by binary fission ( Supplementary Fig. S1 available in IJSEM Online). They could grow at 10 u C but not at 42 u C and growth was observed between pH 4.5 and 9.0. Strain DW152 T could not grow at high salinity in comparison to other strains that grew with 10 % NaCl. The casein hydrolysis activity of strain DW152
T may allow it to utilize casein present in dairy waste. Other properties of strain DW152
T along with those of closely related species are given in Table 1 .
Total cellular fatty acid methyl esters were extracted from culture grown on nutrient agar at 30 u C for 48 h (Sato & Murata, 1988) and analysed by using the Microbial Identification System (MIDI). The analysis was performed according to the instructions of MIDI (Sasser, 1990) . Menaquinones and polar lipids were extracted from freezedried cells and analysed as described by Minnikin et al. (1984) . Peptidoglycan was extracted according to Komagata & Suzuki (1987) and amino acids were identified by comparison with standards. The type of peptidoglycan was identified according to the classification system described by Schleifer & Kandler (1972) . The G+C content of genomic DNA was estimated spectrophotometrically (Lambda 25; Perkin Elmer) as described by Mandel & Marmur (1968) .
The total cellular fatty acid profile was obtained for strain DW152
T along with other closely related strains after growth under identical conditions and the compositions are compared in Table 2 . The FAME analysis indicated that fatty acid ai-C 15 : 0 was the common major fatty acid amongst all species of the genus Micrococcus. Other fatty acids observed in significant quantities for strain DW152
T were i-C 16 : 1 H and ai-C 17 : 1 v9c, representing 8.73 and 6.92 % of the total, respectively. Interestingly, these were found to be absent in other close relatives like M. terreus NBRC 104258 T and M. lylae DSM 20315 T . However, saturated fatty acids were predominant in all strains. Respiratory isoprenoid quinone analysis indicated the presence of MK-8(H 2 ) as major quinone and MK-7(H 2 ), MK-9(H 2 ) and MK-7 as minor menaquinones. Cell-wall peptidoglycan analysis revealed that strain DW152
T contained the amino acids lysine, aspartic acid, alanine and glycine. The presence of Llysine as the diagnostic amino acid classified the peptidoglycan as type A4a, which is characteristic of the genus Micrococcus. Total polar lipid analysis of strain DW152 T indicated that it had diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylinositol (PI), phosphatidylcholine (PC), one unknown phospholipid and two unknown glycolipids (Supplementary Fig. S2 ). Strain DW152 T differed in biochemical and chemotaxonomic properties from closely related species of the genus Micrococcus (Table 1 ). The total genomic DNA G+C content of strain DW152 T was 68.0 mol%, as estimated by the T m method, which is within the limits of the DNA G+C content reported for other species of the genus.
PCR amplification of the 16S rRNA gene was done using primers 8-27f (59-AGAGTTTGATCCTGGCTCAG-39) and 1492r (59-TACGGYTACCTTGTTACGACTT-39) as described by Pandey et al. (2002) . The amplified PCR product was purified and sequenced as described by Suresh et al. (2006) . The almost complete sequence of the 16S rRNA gene (1429 bp continuous stretch) was obtained and used for the initial BLAST search. Closely related sequences were retrieved from the EMBL database. Sequence alignment was done using CLUSTAL X (Thompson et al., 1997) and results obtained were edited manually. Phylogenetic trees were reconstructed using the maximum-likelihood algorithm using the PhyML program (Guindon & Gascuel, 2003) . The stability among the groupings of the phylogenetic tree was assessed by taking 100 replicates. Actinomyces bovis CCUG 31996
T was used as an outgroup.
BLAST analysis of the 16S rRNA gene sequence (1429 bp) using the EZ Taxon server indicated that strain DW152 T exhibited 97.03 % similarity with M. terreus V3M1 T . Further, pairwise comparative analysis of the sequence indicated that it had low similarity with the type strains of different species belonging to the genera Micrococcus and Arthrobacter. Both of these genera belong to the family Micrococcaceae of the class Actinobacteria (Stackebrandt et al., 1997) and it was observed that different families belonging to this class have high similarity in the primary structure of their 16S rRNA genes. However, strain DW152 T was affiliated to the genus Micrococcus due to the absence of a rod-coccus cycle, presence of chemotaxonomic markers similar to those found in members of the genus Micrococcus, and high similarity of the 16S rRNA gene sequence with that of M. terreus NBRC 104258 T . In particular, MK-8(H 2 ) as major menaquinone, the polar lipids DPG, PG, PI and unknown glycolipids, ai-C 15 : 0 and i-C 15 : 0 as major fatty acids and L-lysine as diagnostic amino acid were observed for strain DW152 T , characteristic of the genus Micrococcus. DNA-DNA hybridization results for strain DW152 T with M. terreus NBRC 104258
T revealed a mean value of 42.3 % relatedness. According to accepted criteria, more than 3 % difference in 16S rRNA gene sequence represents similarity of less than 70 % at the whole-genome level (Stackebrandt & Goebel, 1994 ) and thus it is assumed that whole-genome DNA similarity amongst other species would be quite low. Further, phylogenetic analysis of the 16S rRNA gene sequence assigned strain DW152
T to the genus Micrococcus as it formed a distinct clade in the maximum-likelihood phylogenetic tree with a bootstrap value of 90 % (Fig. 1 ). An additional maximum-likelihood phylogenetic tree reconstructed for strain DW152
T along with species of closely related genera belonging to family Micrococcaceae also revealed that strain DW152
T formed a distinct clade ( Supplementary Fig. S3 ). The differences in phenotypic properties, low DNA similarity and phylogenetic analysis readily differentiated strain DW152
T from the nearest species. Therefore, based on these differences, it is proposed that strain DW152 T should be recognized as a novel species of the genus Micrococcus, for which the name Micrococcus lactis sp. nov. is proposed.
Description of Micrococcus lactis sp. nov.
Micrococcus lactis (lac9tis. L. gen. n. lactis from milk, pertaining to the isolation source 'dairy waste').
Cells are cocci with diameter of about 1.0 mm, stain Grampositive, are non-motile and strictly aerobic. Growth is observed between temperatures of 10 and 40 u C but not at 42 u C and between pH 4.5 and 9.5, the optimum being 7.5. 
